The influence of storage locations of two grades of rutile flux cored welding wires on their surface condition and the strength of the welds made with them were studied. Wires were stored in real urban conditions (Gdańsk and Katowice) for 1 month, simultaneously recording changes in conditions: temperature and relative humidity of the environment. Visual tests of wires in the delivered and stored condition as well as visual and tensile strength tests of welds made with them were carried out. It was found that the surface of the wires underwent more intense degradation (atmospheric corrosion) during storage in Katowice than in Gdańsk. Significant difference in tensile strength was observed only for padding welds made using Gdańsk stored wires. The lowest recorded tensile strength value was not lower than the standard requirements for the wires.
INTRODUCTION
Arc welding using FCAW (Flux Cored Arc Welding) is a commonly used alternative to GMAW (Gas Metal Arc Welding) due to higher welding efficiency, penetration depth, better arc stability and relative ease of welding [1] [2] [3] [4] . The area of its application includes, in particular, shipbuilding, construction and machine industry as well as regeneration of machine elements, technical devices, manufacturing and modification of surface layers [5] [6] [7] [8] . A specific area of application includes the use of flux cored wires for underwater welding [9] [10] [11] . Consumables for welding by this process include: basic cored wires, rutile cored wires, self-shielded wires and shielding gases such as CO2 and Ar + CO2 mixture. Appropriate selection of process parameters and filler materials enables the creation of a continuous, metallic weld without welding defects disqualifying the welded joint from operation [12] [13] [14] [15] [16] [17] .
For the proper quality of the process, it is necessary to maintain a technological regime in the scope of storage of welding consumables. Flux cored wire manufacturers make recommendations regarding ranges of humidity, temperature and time of storage of opened packages of wire. The list of parameter values describing the conditions that should be kept in the warehouse of consumables is presented in Table 1 . Keeping these conditions in the warehouse guarantees that the declared properties will be maintained. In a situation where the wires are subjected to conditions exceeding the boundary conditions, their degradation may occur [18] . One of the main factors that is considered to degrade the properties of wires and welded joints is the presence of hydrogen, which, when exceeding the low-hydrogen level, alloy parts can contribute to the formation of cold cracks, porosity or hydrogen embrittlement in both ferritic-pearlitic steels and high-alloy steels [19] [20] [21] [22] . The authors primarily pay attention to the consequences of incorrect storage of welding wires manifested as weld porosity and an increased amount of hydrogen in joints [23, 24] . The basic description of the interaction of hydrogen in steel in accordance with the HELP and HEDE mechanisms is the reduction of forces needed to propagate the crack in the specimen. The hydrogen present in the material may be trapped or diffusible. Until hydrogen is trapped in irreversible or deep traps (solutes, precipitates, inclusions) it does not pose a threat to the material. However, the influence of hydrogen released during operation from reversible or shallow traps and the influence of diffusible hydrogen occurring in the material, e.g. during welding, is a highly degrading. It is important to control the diffusible hydrogen amount within the microstructure in order to ensure its resistance to embrittlement [25, 26] . In the case of welding, one of the basic ways to implement such control is to assess the state of welding consumables and their impact on the level of diffusible hydrogen. The presence of hydrogen can be macroscopically observed through a decrease in plasticity of metal [27, 28] .
Atmospheric corrosion is one of the common processes of destruction of metal materials and causes great economic losses [29] . The mechanism of this corrosion has been described in the literature, among others in terms of metallurgy, effect of environment and properties of layers [30, 31] . There are many methods to prevent corrosion, the most important of which are the use of anti-corrosion coatings, cathodic and anodic protection [32] [33] [34] [35] . Corrosion intensity of welded joints depends, among others, on their operating environment. The urban environment is significantly different from the rural environment. Research indicates that inside and around cities, the air temperature is higher than in nearby rural areas -this phenomenon is known as urban heat island effect [36, 37] . This is due to the large amount of artificial surfaces that absorb radiation and the decrease in the surface of water evaporation from the soil, which effectively lowers the air temperature. As a result of human activity, the conditions for storage and use of materials also change. An additional factor having an impact on the environment is the degree of industrialization of urban areas and natural conditions resulting from the geographical location [38] . Such a large number of variables suggests the need to compare the impact of various environments of different geographical -anthropogenic nature on welding consumables that are considered sensitive to adverse external factors.
Objective of this study is to verify the influence of the real storage environment on the surface condition of rutile flux cored welding wires and appearance and strength properties of welds made with them.
EXPERIMENTAL
Two grades of rutile flux cored wires T 46 2 P M21 2 H5 class were used for the study. Both wires were copper coated, seamless, low hydrogen wires with a diameter of 1. After 1 month, the wires were visually examined. Then padding welds were made on samples of S355J2 steel coupons with dimensions of 10x25x180 mm and chemical composition presented in Table 2 . Welding was performed on the robotized station ABB IRB 2400 to ensure a constant welding speed. Mixture Ar + 18% CO2 (PN-EN ISO 14175: M21) was used as shielding gas. Welding was carried out at an average welding current of 210 A, wire feed speed 9 m/min, arc voltage 25 V, welding speed 30 mm/min, stick out length 20 mm and shielding gas flow rate 17 l/min. Specimens after welding were cooled and stored in liquid nitrogen to inhibit hydrogen diffusion. Just before the tensile test, the specimens were brought back to ambient temperature. The tensile test of the padding welds was carried out on a Hung Ta HT-2401 testing machine with deformation speed 2 mm/min. The measurements of the surface area of the weld fractures were made in the image analysis program. alloy parts
RESULTS AND DISCUSSION
The process of temperature and relative humidity changes at both locations is shown in Figures 1 and 2 . Table 3 presents the values of the coefficients describing the variability of recorded environmental parameters over a period of 1 month. In addition to the standard measures of central tendency and dispersion: maximum, minimum, range, mean, and standard deviation, the coefficient of variation (V) was also calculated according to the formula [39] :
where: S -standard deviation, X -mean value. Katowice, despite the lower maximum and minimum temperature value, was characterized by a higher mean air temperature. However, a higher mean relative humidity value of almost 70% characterized Gdańsk. Considering only the mean values of the measured factors, it can be concluded that both locations met the conditions that are considered by the manufacturers of consumables as safe. However, as shown in Table 3 , there were periodic changes in conditions that could accelerate the degradation of flux cored wires. The tested wires were subjected to visual examination in the delivery condition in order to assess the condition of the surface not exposed to the environment. Both wires have an smooth, shiny, copper plated surface and their arrangement on the spools is regular (Fig. 3) . No contaminations or dirt were found on the surface of the wires. After 1 month of storage the wires were visually examined to assess the degree of degradation of their surface. Fig. 4 shows photographs of the surface of the wires after storage. There were no corrosive changes on the surface of the A wire stored for 1 month in Gdańsk (Fig. 4a) . The storage of A wire in Katowice caused the appearance of numerous corrosion centers on the entire surface of the wire. Corrosion unchanged areas still had a metallic sheen (Fig. 4c) . The surface of the B wire located in Gdańsk showed slight point corrosion changes after 1 month (Fig. 4b) . Simultaneous storage of this type of wire in Upper Silesia caused the appearance of even corrosion on the entire surface, but the thickness of the corrosion layer was not significant (Fig. 4d) . The observed changes are the result of atmospheric corrosion, the mechanism of which is the interaction of a thin layer of salt and other components dissolved in water on the metal surface [40] . In order to check the influence of the condition of the wire after storage on the quality of the weld metal, welding process was carried out. Obtained specimens were subjected to visual tests and to static tensile tests. Three tensile tests were carried out for each combination: location -wire. Fig. 5 shows a view of the exemplary specimens before and after tensile test. The padding welds are even, symmetrical with a smooth face. A few small spatters occur near the welds. On the face of welds made with stored wires small pores and a larger number of spatters were found, especially during striking of the welding arc (Fig. 5b) . During the static tensile test, the value of the maximum force was recorded, which was referred to the surface area of the fracture, obtaining the value of the tensile strength Rm. Fractures of specimens made with wires in delivery condition and degraded during storage are shown in Figures 6 and 7 . Fractures of the padding welds are characterized by fusion shape typical for a usage of Ar+CO2 gas mixture. The base material was not preheated, and the welds were too short to observe deeper penetration -most of the surface of the fracture is weld reinforcement. This also means that the dilution of the base material and welding consumables was insignificant which makes it possible to compare the test results with the tensile strength of the weld metal declared by the manufacturers. The depth of penetration and the height of weld reinforcement for welding with A wire did not change significantly both for the wire stored in Katowice and Gdańsk. Specimens welded with B wire also show a similar structure between the delivery condition and the conditions after storage. Fractures are shiny and areas of breaks appear resulting from the heterogeneous, dendritic structure of the weld metal. For both tested wires in the delivery condition, the padding welds were of higher strength than the minimum tensile strength of the weld metal required by the standard and were close to the typical value of strength declared by their manufacturers. For A wire in delivery condition, the average tensile strength was 598 MPa, while for B wire it was on average 688 MPa. Storage of wires in real environments resulted in visible differences in tensile strength results determined after 1 month. The padding welds made with A wire, regardless of storage conditions, had higher strength than in the initial state, in the case of wire from Katowice it reached almost 800 MPa. The B wire, which in its initial state generates welds with higher strength than the A wire, is characterized by a smaller difference in the tensile strength value after 1 month of storage. Significant difference occur only for padding welds made using Gdańsk stored wire -mean tensile strength is about 50 MPa higher. As it results from Fig. 9 , the strength of welds made using wire stored in Katowice does not differ significantly from the initial strength. At the same time, even the lowest recorded value was not below the standard requirements for the wire.
By storing samples in liquid nitrogen until the tensile test was carried out, the cracking process could be modified by the presence of hydrogen in the deposited metal. Considering the observed wire degradation and the increase in weld tensile strength, it can be concluded that such a large increase in the strength of the welds cannot be unambiguously associated only with the action of hydrogen in the material -literature reports indicate that hydrogen has no effect on strength or can slightly decrease strength after hydrogenation. The material strengthening was influenced by the synergistic effect of hydrogen, surface precipitates and contaminations present on wires and the conditions of the thermal welding cycle.
CONCLUSIONS
The article concerns the study of the effects of storage of two grades of rutile flux cored wires in real conditions in two urban locations in Poland. Analysis of the results of research enabled the formulation of the following conclusions:
1 . The differences in temperature and relative humidity changes from 15 February to 15 March in Gdańsk and Katowice were small and constitute only one of the factors affecting the degradation of the surface of wires and the change in the properties of padding welds made using them. Other factors, such as nitrogen, sulfur and carbon oxides could also have had a significant impact on the destruction of wires.
2 . Regardless of the grade, the surface of the flux cored wires has been more intensively degraded due to storage in Katowice than in Gdańsk. Storage conditions and visual test results of the wire surface indicate that atmospheric corrosion is responsible for this process.
